**Core tip:** Glycogenic hepatopathy (GH) is considered as a benign reversible condition. Elevation in transaminases is a common finding in patients with diabetes mellitus, and non-alcoholic fatty liver disease (NAFLD) and GH are the two primary underlying pathologies in most cases. It is essential to distinguish NAFLD from GH as this can progress to advanced liver disease. However, recent studies have identified the varying degree of fibrosis in glycogen hepatopathy as well, further emphasizing the need for future studies. We briefly reviewed the literature on mechanisms involved in the development of GH, evaluation of these patients, recent progress made on diagnostic tests and management.

INTRODUCTION
============

GH is a rare clinical condition that develops due to excessive accumulation of glycogen in the hepatocytes predominantly seen in pediatric patients and young adults with poorly controlled type 1 diabetes mellitus (T1DM), and rarely observed in a patient with type 2 diabetes mellitus (T2DM)\[[@B1]-[@B48]\] (Tables [1](#T1){ref-type="table"}, [2](#T2){ref-type="table"} and [3](#T3){ref-type="table"}). GH is characterized by transient liver dysfunction with elevated liver enzymes and associated hepatomegaly caused by a reversible accumulation of excess glycogen in hepatocytes. The collection of glycogen seen on a liver biopsy is critical for the diagnosis. It is an underrecognized entity, and awareness of this clinical condition by clinicians, including gastroenterologists, is low.

###### 

Summary of the major case reports in English (pub med indexed) on Glycogenic hepatopathy in type 1 diabetes mellitus

  **Ref**.                                **Study design**   **Age/sex**   **HbA1C**   **Keto acidosis**   **Hepatomegaly**   **AST/ALT/ALP/T bili**   **Normalization of LFTs**
  --------------------------------------- ------------------ ------------- ----------- ------------------- ------------------ ------------------------ -----------------------------
  Ruschhaupt et al\[[@B1]\], 1970         Case report        13/M          NA          Yes                 Yes                9/14/115/128/NA          5 d
  Berman et al\[[@B2]\], 1973             Case report        21/F          NA          Yes                 Yes                UK                       Expired (5 d)
  Olsson et al\[[@B3]\], 1989             Case report        15/F          NA          Yes                 Yes                535/417/570/NA           10 d
                                                             20/F          NA          No                  Yes                1117/1235/941/NA         18 mo
                                                             24/F          NA          Yes                 No                 323/276/429/NA           NA
  Munns et al\[[@B4]\], 2000              Case reports       13/M          14.1        No                  Yes                132/135/170/NA           4 wk
                                                             17/F          13.3        No                  Yes                102/147/175/NA           2 wk
                                                             16/F          12.2        No                  Yes                567/316/196/NA           2 wk
  Fridell et al\[[@B5]\], 2007            Case report        18/F          NA          Yes                 Yes                Elevated/N               After pancreatic transplant
                                                             21/M          NA          No                  Yes                Elevated/N               After pancreatic transplant
  Cuthbertson et al\[[@B6]\], 2007        Case report        19/F          12.2        Yes                 Yes                NA/800/132/N             NA
  Sayuk et al\[[@B7]\], 2007              Case report        19/F          8.1         Yes                 Yes                98/49/147/0.5            NA
                                                             37/M          16.0        Yes                 Yes                226/399/326/0.9          NA
  Bassett et al\[[@B8]\], 2008            Case report        10/F          10.1        No                  No                 143/147/137/N            NA
  Abaci et al\[[@B9]\], 2008              Case report        16/M          11.1        No                  Yes                66/58/431/0.8            3 mo
  Hudacko et al\[[@B10]\], 2008           Case report        20/F          13.3        No                  Yes                249/383/NA/NA            5 mo
  Sweetser et al\[[@B11]\], 2010          Case report        27/M          15.0        No                  Yes                6720/2549/529/1.7        3 mo
  Van Den Brand\[[@B12]\], 2009           Case report        29/F          15.3        No                  No                 2500/1000/316/NA         NA
  Saxena et al\[[@B13]\], 2010            Case report        33/F          13.7        No                  No                 428/404/205/N            12 mo
  Bua et al\[[@B14]\], 2010               Case report        17/F          12.0        No                  Yes                138/164/NA/NA            12 mo
  Aljabri et al\[[@B15]\], 2011           Case report        13/F          13.0        No                  Yes                NA/500/137/N             3 mo
  Dantuluri et al\[[@B16]\], 2012         Case report        14/F          11.0        No                  Yes                Elevated                 Few days
  Lin et al\[[@B17]\], 2012               Case report        10/ F         12.8        Yes                 Yes                121/194/185/NA           6 mo
  Messeri et al\[[@B18]\], 2012           Case report        31/F          10.3        No                  Yes                225/258/375/0.54         2 mo
  Murata et al\[[@B19]\], 2012            Case report        21/M          6.2         Yes                 No                 119/122/NA/NA            25 d
  Cha et al\[[@B20]\], 2012               Case report        22/F          13.8        No                  Yes                1028/365/346/0.5         8 wk
                                                             26/F          12.9        Yes                 Yes                914/307/189/0.5          4 wk
                                                             20/F          13.6        No                  No                 1310/346/132/0.2         16 wk
  Saadi T\[[@B21]\], 2012                 Case report        18/M          11.0        No                  Yes                144/92/123/1.4           3 mo
  Saikusa et al\[[@B22]\], 2012           Case report        13/M          12.0        No                  Yes                100/191/NA/NA            NA
  Imtiaz et al\[[@B23]\], 2013            Case report        19/F          14.6        Yes                 Yes                NA/199/139/NA            5 mo
  Butts et al\[[@B24]\], 2014             Case report        13/F          8.8         Yes                 Yes                NA/113/NA/NA             NA
  Jeong et al\[[@B25]\], 2014             Case report        13/F          10.7        Yes                 Yes                105/84/NA/NA             3 mo
  Martin et al\[[@B26]\], 2014            Case report        13/M          10.4        Yes                 Yes                3969/1196/NA/NA          16 d
  Parmar et al\[[@B27]\], 2015            Case report        21/F          NA          Yes                 Yes                4202/973/N/N             1 wk
  Xu et al\[[@B28]\], 2015                Case report        22/M          14.6        No                  Yes                331/223/223/0.3          NA
  Garcia-Suarez et al\[[@B29]\], 2015     Case report        28/F          10.5        No                  Yes                1600/534/N/N             NA
  Atmaca et al\[[@B30]\], 2015            Case report        19/M          NA          Yes                 Yes                603/570/921/NA           3 wk
  Irani et al\[[@B31]\], 2015             Case report        19/M          12.0        Yes                 Yes                505/345/145/N            NA
  Brouwers et al\[[@B32]\], 2015          Case report        19/F          9.5         No                  Yes                Elevated                 NA
                                                             19/F          13.3        No                  Yes                Elevated                 NA
                                                             17/M          12.7        No                  Yes                Elevated                 NA
                                                             20/F          14.7        No                  Yes                Elevated                 NA
  Charndrasekaran et al\[[@B33]\], 2015   Case report        5/F           16.1        Yes                 Yes                53/20/NA/0.7             NA
  Silva et al\[[@B34]\], 2016             Case report        21/F          9.0         Yes                 Yes                110/120/190/0.74         Few days
                                                             20/F          10.1        Yes                 Yes                270/423/179/1            Few days
                                                             29/F          10.9        No                  Yes                910/461/172/0.35         3 mo
                                                             22/M          15.7        Yes                 Yes                226/109/79/0.64          2 wk
  Deemer et al\[[@B35]\], 2016            Case report        18/F          11.3        Yes                 Yes                NA/36/120/N              NA
  Saracho et al\[[@B36]\], 2016           Case report        14/M          12.8        Yes                 Yes                Elevated                 NA
  Chandel et al\[[@B37]\], 2017           Case report        12/F          10.5        Yes                 Yes                690/356/158/0.2          3 mo
  Ikarashi et al\[[@B38]\], 2017          Case report        21/M          11.7        No                  Yes                2723/956/NA/NA           1 mo
                                                             24/F          11.0        Yes                 Yes                658/216/NA/NA            Few days
                                                             19/F          13.6        Yes                 Yes                737/266/NA/NA            Few days
                                                             29/F          16.5        Yes                 Yes                469/243/NA/NA            6 mo
  Maharaj et al\[[@B39]\], 2017           Case report        23/F          12.3        Yes                 Yes                127/199/160/2.7          Few days
  Al Sarkhy et al\[[@B40]\], 2017         Case report        6/M           11.6        Yes                 Yes                367/205/221/N            Few days
  Shah et al\[[@B41]\], 2017              Case report        31/F          NA          Yes                 Yes                627/185/280/0.7          NA
  Omer\[[@B42]\], 2017                    Case report        14/M          11.0        Yes                 Yes                Normal                   NA

HbA1C: Hemoglobin A1c; AST: Aspartate transferase; ALT: Alanine transferase; ALP: Alkaline phosphatase; T bili: Total bilirubin; M: Male; F: Female; NA: Not available.

###### 

Summary of the major studies in English (pub med indexed) on Glycogenic hepatopathy in type 1 diabetes mellitus

  **Ref**.                            **Study design**      **Age/sex**           **HbA1C**                  **Keto acidosis**   **Hepatomegaly**     **Liver abnormality**    **Normalization of LFTs**
  ----------------------------------- --------------------- --------------------- -------------------------- ------------------- -------------------- ------------------------ --------------------------------------------
  Chatila et al\[[@B43]\], 1996       Retrospective Study   Mild Fibrosis (14%)   11patients (8-A and 3-P)                                                                     
                                                            41/F                  NA                         NA                  No                   20/45/1.4 x ULN/0.35     Few days to weeks
                                                            21/F                  NA                         NA                  No                   282/404/0.4 x ULN/0.28   Few days to weeks
                                                            58/F                  NA                         NA                  Yes                  35/56/3.2 x ULN/0.40     Few days to weeks
                                                            70/F                  NA                         NA                  Yes                  76/NA/NA/1.28            Few days to weeks
                                                            36/F                  NA                         NA                  No                   40/86/2.1 x ULN/0.28     Few days to weeks
                                                            46/F                  NA                         NA                  Yes                  22/20/1.7 x ULN/N        Few days to weeks
                                                            23/F                  NA                         NA                  Yes                  265/410/9.5 x ULN/0.40   Few days to weeks
                                                            19/F                  NA                         NA                  Yes                  344/532/2.6 x ULN/0.8    Few days to weeks
                                                            13/M                  NA                         NA                  Yes                  940/910/2 x ULN/0.30     Few days to weeks
                                                            13/M                  NA                         NA                  Yes                  85/NA/0.3 x ULN/0.48     Few days to weeks
                                                            15/M                  NA                         NA                  Yes                  NA/NA/1.9 x ULN/0.08     Few days to weeks
  Torbenson et al\[[@B44]\], 2006     Retrospective Study   14 patients                                                                                                        
                                                            19/F                  NA                         Yes                 Yes                  97/83/80/NA              NA
                                                            1/2M                  13.5                       Yes                 Yes                  49/47/182/NA             NA
                                                            22/F                  NA                         No                  Yes                  48/77/62/NA              NA
                                                            8/M                   NA                         No                  Yes                  Elevated/NA              NA
                                                            15/F                  NA                         No                  NA                   Normal                   NA
                                                            22/M                  16                         Yes                 Yes                  1100/360/251/NA          NA
                                                            25/M                  10.8                       NA                  NA                   1629/1128/298/NA         NA
                                                            16/M                  NA                         Yes                 NA                   Elevated/NA              NA
                                                            20/M                  9.9                        No                  yes                  N/120/147/NA             NA
                                                            18/F                  10.8                       No                  NA                   N/57/N/NA                NA
                                                            28/M                  NA                         No                  NA                   1099/1544/384/NA         NA
                                                            34/M                  10.1                       No                  Yes                  N/NA/N/NA                NA
                                                            16/M                  NA                         No                  Yes                  1413/1354/476/NA         NA
                                                            23/F                  NA                         No                  Yes                  255/224/307/NA           NA
  Fitzpatrick et al\[[@B45]\], 2014   Retrospective         31 patients           11(Mean)                   Yes-all             76/76/NA/NA(M)       NA                       14 (73%) Fibrosis
                                                            16M/15F               12Mild and 2Bridging                                                                         
                                                            Median age 15         Fibrosis                                                                                     
  Mukewar et al\[[@B46]\], 2017       Case control study    20 patients           11.4(Mean) 55%             88.90%              301/308/170/0.5(M)   8 mo                     10% Mild fibrosis but no bridging fibrosis
                                                            16F/4M                                                                                                             
                                                            24-A, 12-P                                                                                                         

T1DM: Type 1 diabetes mellitus; HbA1C: Hemoglobin A1c; AST: Aspartate transferase; ALT: Alanine transferase; ALP: Alkaline phosphatase; T bili: Total bilirubin; M: Male; F: Female; NA: Not available; A: Adults; P: Pediatrics.

###### 

Summary of the major case reports in English (PubMed indexed) on Glycogenic hepatopathy in type 2 diabetes mellitus

  **Ref**.                          **Study design**   **Age/sex**   **Type of DM/insulin**   **A1C**   **Keto acidosis**   **Hepatomegaly**   **AST/ALT/ALP/T bili**   **normalization fibrosis of LFTs**
  --------------------------------- ------------------ ------------- ------------------------ --------- ------------------- ------------------ ------------------------ ------------------------------------
  Olson et al\[[@B3]\], 1989        Case report        39/M          Type 2/insulin           NA        Yes                 No                 429/764/1882/NA          21 d
  Tsujimoto et al\[[@B47]\], 2006   Case report        41/M          Type 2/insulin           10        No                  Yes                1064/1024/202/2.3        17 d
  Umpaichitra\[[@B48]\], 2016       Case report        15/M          T2DM/metformin           6.5       No                  Yes                245/330/N/N              18 mo

T2DM: Type 2 diabetes mellitus; HbA1C: Hemoglobin A1c; AST; Aspartate transferase; ALT: Alanine transferase; ALP: Alkaline phosphatase; T bili: Total bilirubin; M: Male; F: Female; NA: Not available.

GH was initially described in 1930 by Pierre Mauriac in a pediatric patient with poorly controlled T1DM (brittle DM), who presented with hepatomegaly, cushingoid features, and poor growth and development, a condition known as Mauriac Syndrome\[[@B30],[@B45]\]. Since then, more cases have been reported without the full spectrum of Mauriac Syndrome, both in adults and children with T1DM and rarely in T2DM. Various terms have been used to describe this entity, including hepatic glycogenosis, glycogen hepatopathy, glycogen storage hepatomegaly and hepatic glycogen storage\[[@B2],[@B4]-[@B7],[@B9],[@B14],[@B47]\]. In 2006, Torbenson and colleagues proposed the term "Glycogenic Hepatopathy" due to hepatocyte glycogen overload but without showing extrahepatic features of Mauriac Syndrome. This term has been used universally since then to describe this unique pathologic feature\[[@B44]\].

The pathophysiology of GH is incompletely understood, and clinical characteristics have not been fully characterized yet. It is believed to be the consequence of recurrent fluctuations in glucose level with hyperglycemia, hypoglycemia, and hyperinsulinization. In addition to glycogen accumulation, steatosis with varying degree of fibrosis may be evident in liver biopsy\[[@B38],[@B45]\]. Intensive insulin regimens with glycemic control provide full resolution of clinical symptoms, laboratory abnormalities, and histological abnormalities.

GH remains underrecognized in adults, as most clinicians mistake it for NAFLD, a more common hepatic abnormality associated with DM. The clinical or radiological distinction between GH and NAFLD is difficult. It is essential that primary care physicians and other specialists be aware of this entity, as differentiating this condition from NAFLD is vital, given its associated comorbidities such as cardiovascular disease, progressive liver fibrosis, and cirrhosis. The focus of this review is to provide an update on recent development in understanding the pathophysiology and the progress in the noninvasive evaluation of differentiating nonalcoholic fatty liver disease from glycogenic hepatopathy.

LITERATURE SEARCH
=================

A literature search was conducted using PubMed using search terms "glycogen" (MeSH Terms) OR "glycogen" (All Fields) AND \["liver diseases" (MeSH Terms) OR "liver" (All Fields AND) "diseases" (All Fields)\] OR "liver diseases" (All Fields) OR "hepatopathy" (All Fields)". A total of fifty-one studies involving adolescents or adults were included for this review.

INCIDENCE
=========

Much of the knowledge on GH that has been accumulated over the decades since GH was first reported in 1930, are from case reports, case series, a retrospective cohort study, or more recently, a case-control study\[[@B45],[@B46]\]. It has been estimated that about 8% of American adults have elevated serum aminotransferases\[[@B49]\]. Following a negative initial serologic evaluation, 90% of patients with chronically elevated abnormal aminotransferases are due to NAFLD\[[@B50]\]. The prevalence of liver disease among people with diabetes is estimated to be 17% to 100%\[[@B51]\], with nonalcoholic fatty liver disease and hepatic glycogenosis being the predominant pathologies.

True incidence and prevalence of GH are unknown. Sixty-two percent of the reported cases are female patients, indicating a slight female predominance. Thirty-eight percent of reported cases are male patients, with most cases occurring in adolescence. Based on published reports in English literature, approximately 98% of GH cases were reported in T1DM, while the remaining 2% is caused by T2DM. The incidence of this syndrome has decreased significantly with the introduction of long-acting insulin and better control of blood sugar, but unfortunately, it still exists\[[@B52]\].

PATHOGENESIS
============

The hallmark of the GH is severe fluctuation in levels of glucose and administration of supraphysiologic levels of insulin to control the hyperglycemia. While first described in association with recurrent hyper- and hypoglycemia with ketoacidosis in T1DM, it has since been reported without ketosis or acidosis in patients with T2DM and with variable insulin requirements\[[@B3],[@B4],[@B8]-[@B16],[@B42]\]. The excess glycogen accumulation has also been reported in diabetic patients without previous episodes of hypoglycemia\[[@B44],[@B53]\]. Rapid onset of hyperglycemia causing GH was reported in a case by Murata and colleagues in which the initial Hemoglobin A1C was only 6.2%; however, the patient presented with severe hyperglycemia with ketoacidosis and blood glucose of 1495 mg/dL\[[@B19]\].

Physiologically, the liver takes up glucose after feeding and either utilizes it for fuel or stores it as glycogen. Stored mainly in the liver and skeletal muscles, glycogen is a polymer of glucose that acts as a reservoir for glucose. The hepatic glycogen level is maintained by the balance between glycogenosis and glycogenolysis. High glucose levels cause an influx of glucose into the hepatocytes *via* facilitated diffusion through the glucose transporter 2 (GLUT2), independent of insulin\[[@B43]\]. Once the glucose is present within the hepatocytes, the enzyme glucokinase irreversibly phosphorylates glucose to glucose-6-phosphate, trapping it within the hepatocytes (Figure [1](#F1){ref-type="fig"}). Subsequent treatment of hyperglycemia with the high dose of insulin enhances further conversion of trapped glucose to polymerize into glycogen\[[@B43]\]. Glucose-6-phosphate is converted to glycogen by the enzyme glycogen synthase, which exists in an active dephosphorylated form and in an inactive phosphorylated form. The active dephosphorylated structure of glycogen synthase is produced by the action of a phosphatase enzyme. The phosphatase enzyme is stimulated by elevated glucose and insulin levels. Glycogen production persists for some time after insulin levels have declined while inhibiting the glycogenolysis\[[@B15]\]. Hepatomegaly can sometimes develop within days to weeks and can improve rapidly once the hyperglycemia is controlled\[[@B54]\].

![Steps of glycogenesis; effects of hyperglycemia and insulin treatment in glycogenic hepatopathy and formation of glycogen.](WJH-10-172-g001){#F1}

The reason for excessive accumulation of glycogen in hepatocytes with GH in contrast with the reduced glycogen stores observed in diabetes mellitus (DM) patients is unknown. Even more intriguing is why only a small subset of patients with DM develops GH. GH was first reported after short-acting insulins became available for the treatment of DM. Initially when short-acting insulins were used for the treatment of DM, large doses of insulin were required to control hyperglycemia, causing consequent hypoglycemia. This vicious cycle of excessive doses of short-acting insulin and subsequent administration of glucose to counteract the resulting hypoglycemia could have led to the continued accumulation of glycogen in the liver, a proposed mechanism by various authors\[[@B3],[@B19],[@B54]\]. These findings are infrequently observed today due to widespread use of long-acting insulin and possibly the decreased frequency of hypoglycemic events in this patient cohort.

Another hypothesis is that there is a defect in the genes that code for the proteins which regulate glycogen synthase or glucose 6-phosphatase activity. Although minor abnormalities have been identified in enzymes that control glycogen metabolism, these changes were not considered enough to explain hepatic glycogen storage in GH in the setting of DM\[[@B4]\]. A study by MacDonald and colleagues of an adolescent boy with Mauriac syndrome identified a mutation in PHKG2, is the catalytic subunit of glycogen phosphorylase kinase\[[@B55]\]. Expression of the mutant PHKG2 in a human liver cell line inhibited the enzyme activity of the phosphokinase complex and increased glycogen levels\[[@B55]\]. The mother of the boy with Mauriac syndrome also had the mutant PHKG2 but did not have diabetes or hepatomegaly. These findings do not explain all the cases of GH in adults, as most cases resolved with optimizing the hyperglycemia. Tomihira and colleagues investigated the gene structure of phosphorylase enzyme to define possible mutations; however, they could not determine a probable gene defect that might cause hepatic glycogenosis\[[@B53]\]. Although no direct evidence is available so far, Berman MC hypothesized that the cause of GH is excess glycogen deposits in an intracellular location inaccessible to normal metabolic mechanisms, a phenomenon like that occurring in type II glycogenesis in which glycogen deposits within the lysosomes, rendering them unavailable for phosphorylation activity\[[@B2]\]. In patients with a classic presentation of Mauriac syndrome, the wide fluctuations between hyper- and hypoglycemia-a pattern suggestive of under- and over-insulinization with secondary hyperadrenalism-possibly caused the cushingoid features. The pathogenesis of growth retardation in those initial cases reported in children was thought to be multifactorial\[[@B52]\].

The association of ketoacidosis in T1DM and GH not well understood. There could be some mechanisms account for excess deposition of glycogen or failure to mobilize during periods of hypoglycemia. Hormones like adrenaline, cortisol, or growth hormones released due to hypoglycemia, could synergistically act and release large quantities of non-esterified fatty acids from adipose tissue. This high concentration of free fatty acids inhibits glucose oxidation in muscles, and they may have similar effects on liver promoting excess storage of glycogen\[[@B2]\]. Other theory is that extremely low inorganic serum phosphate level in diabetic ketoacidosis may limit recovery from the acute diabetic state by acting as rate limiting factor for hexokinase and phosphokinase reactions. Depletion of intracellular inorganic phosphate for which there is an absolute requirement may be responsible for limitation of phosphorylase activity. Poorly controlled T1DM patients would be expected to have similar recurrent bouts of hypophosphatemia with the consequent entry of large amounts of glucose and inorganic phosphate into the cells\[[@B2]\].

GH in T2DM
----------

The exact mechanism of development of GH in T2DM with insulin resistance is poorly understood and has yet to be clarified. Upon review of previously reported cases of GH, most cases were found in patients who were on an insulin regimen for T1DM, except two instances reported in T2DM\[[@B3],[@B47],[@B48]\] (Table [3](#T3){ref-type="table"}). Pathophysiology of GH in T2DM is unclear and could have a different mechanism than that seen in T1DM. Umpaichitra V reported a case of GH in an adolescent male with T2DM whose liver enzymes returned to normal after treatment with metformin\[[@B48]\]. In T2DM, metformin is typically the first-line of treatment. The fact that the patient was in the early stages of diabetes and had not decompensated enough to cause total insulin resistance might explain the preserved effect of insulin on glycogenesis\[[@B48]\]. The mechanism which metformin may have alleviated the glycogenesis, in this case, is also not precise. It was possible that once he was started on metformin, his hepatic gluconeogenesis decreased and glucose uptake in peripheral tissues increased, possibly leading to a paucity of glucose as a substrate for glycogenesis\[[@B48]\].

OTHER DISORDERS ASSOCIATED WITH GH
==================================

Excessive hepatic accumulation of glycogen causing GH occurs not only in patients with DM but also in other conditions, including dumping syndrome after gastrectomy, anorexia nervosa, high-dose glucocorticoid use, azathioprine use, and insulin overdose\[[@B56]-[@B58]\] (Table [4](#T4){ref-type="table"}).

###### 

Summary of the published articles in English (PubMed indexed) on Glycogenic hepatopathy without DM

  **Ref**.                          **Pathology**      **Study design**   **Age/sex**   **Hepatomegaly**   **AST/ALT/ALP/ T bili**   **Normalization**   **Fibrosis of LFTs**
  --------------------------------- ------------------ ------------------ ------------- ------------------ ------------------------- ------------------- ----------------------
  Resnick et al\[[@B56]\], 2011     Dumping syndrome   Case report        2/M           No                 NA/199/NA/NA              16 mo               No fibrosis
  Kransdorf et al\[[@B57]\], 2015   Anorexia nervosa   Case report        26/F          NA                 75/101/108/               NA                  No fibrosis
  Iancu et al\[[@B58]\], 1986       Steroids use       Retrospective      6 mo-14 yr    Yes                Normal                    3-5 d               No fibrosis

AST: Aspartate transferase; ALP: Alanine transferase; ALT: Alkaline phosphatase; T bili: Total bilirubin; M: Male; F: Female; NA: Not available.

Dumping syndrome after gastric bypass
-------------------------------------

One of the inherent functions of insulin is to stimulate glycogenesis. Hyperglycemia and hyperinsulinemia are thought to be the etiology for hepatic glycogen deposition in dumping syndrome. Dumping syndrome is a complication of gastric surgery, such as gastric bypass surgery. In patients who had gastric surgery, chyme rapidly "dumped" from the stomach into the small bowel without complete digestion. Resnick et al\[[@B56]\] reported a case of a toddler fed *via* gastrostomy tube, who developed GH secondary to Dumping syndrome after Nissen fundoplication. Like GH, it involves fluctuation between hyperglycemia from the rapid nutrition glucose load and hyperinsulinemia. The pathophysiology of Dumping syndrome can resemble that of GH seen in people with diabetes, eventually causing the hepatic accumulation of glycogen.

Anorexia nervos
---------------

Anorexia nervos (AN) is characterized by the obsessive fear of gaining weight, distorted body image, and a significantly low body weight. Lisa Kransdorf and colleagues reported a case of anorexia nervosa with glycogen deposition with elevated liver enzymes\[[@B57]\]. It has been reported that 1 in 10 patients with AN will have abnormal liver enzymes. A series of cases of AN with liver failure was reported by Rautou et al\[[@B59]\]; about 50% of them presented with hypoglycemia. Again, this lack of glycogen deposits supports the hypothesis that hepatic glycogen accumulation is potentially a protective mechanism. Hepatic glycogenosis is thought to be an adaptive response that protects against potentially fatal hypoglycemia in malnutrition. It is essential to be aware of this association when treating patients with AN.

Short-term high dose steroid therapy
------------------------------------

Steroids promote elevation in glucose, gluconeogenesis, and glycogen deposition. Current available evidence regarding GH with steroid use was gathered from pediatric patients. Hepatic glycogen deposition has been described in several experimental models. In a study by Iancu et al\[[@B58]\] 141 patients had received steroid therapy: 13% had hepatomegaly, and three patients were noted to have glycogenic hepatopathy. It is unclear whether they had any elevation in liver enzymes. Hepatomegaly resolved soon after discontinuing the steroid therapy in all patients with hepatomegaly. Several mechanisms were involved in the pathogenesis of GH in steroid use. Following hyperglycemia induced by steroids, increased glycogen deposition occurs by the activation of phosphorylase by glucose and the subsequent activation of glycogen synthase. Glycogen synthase is activated by insulin, which increases following steroid-induced hyperglycemia. The knowledge that the hepatomegaly in patients taking steroids could be GH-related will aid in the management of these patients.

Insulin overdose
----------------

Excessive insulin levels associated with exogenous insulin administration augments the glycogen deposition. This is evident from a case reported by Tsujimoto et al\[[@B47]\] in which a patient with T2DM self-administered a massive dose of long-acting insulin in a suicide attempt. He became hypoglycemic and was later administered a large dose of intravenous glucose to counteract the persistent hypoglycemia. Prior to the suicide attempt, his baseline liver enzymes were initially normal. After the administration of insulin and intravenous glucose the patient developed acute glycogen storage hepatomegaly. His liver enzymes increased significantly to more than 30 times the upper limit of normal.

CLINICOPATHOLOGICAL FEATURES
============================

Clinical manifestations
-----------------------

Clinical presentation of GH varies from asymptomatic patients with elevated liver enzymes to various symptoms associated with hyperglycemia. Patients can present with symptoms of diabetic ketoacidosis (DKA), such as polyuria, polydipsia, marked dehydration, as well as abdominal pain, nausea, or vomiting or may occasionally present with signs of acute hepatitis, jaundice, and pruritus. Pediatric patients may present with extreme hepatomegaly along with growth failure and delayed puberty. The rapid enlargement of the liver causes stretching of the liver capsule, resulting in visceral pain. Although a few reported cases had normal liver sizes on imaging studies, hepatomegaly was observed in more than 90% of the reported cases, with varying degrees of elevation in transaminases and rarely an elevation in alkaline phosphatase (ALP) level. Excessive glycogen with swollen hepatocytes eventually could cause sinusoidal compression and subsequent ascites\[[@B34]\]; therefore, ascites can also be a part of the clinical presentation, albeit rarely\[[@B34],[@B44]\]. Physical examination of patients with GH generally exhibits tender hepatomegaly without splenomegaly.

Biochemical features
--------------------

Most patients with GH present with hepatocellular abnormality with a predominant elevation in aspartate transaminase (AST) and alanine transaminase (ALT) levels, although a mixed or predominantly cholestatic pattern can rarely occur\[[@B3],[@B11],[@B20],[@B30],[@B44]\]. For patients not experiencing a DKA episode, laboratory studies may show mild elevations in ALT, AST, and ALP. Marked elevations of transaminases and sometimes in the range of more than 100 folds' increase from normal were reported in several reports, mimicking acute hepatitis\[[@B26]\]. However, liver synthetic functions were usually preserved. No histological evidence was identified that suggested the increased enzymes were due to liver necrosis. Elevations in liver enzymes were thought to be due to enzyme leakage from hepatocyte membrane injury, not cell death. However, the exact mechanism is unknown. AST elevations were found to be significantly higher than the ALT elevations. Although ischemic hepatitis is the result of hypotension and hypoperfusion, subjects with inadequate perfusion without the hypotension can also produce a significant elevation in transaminases without liver necrosis\[[@B26]\]. Likewise, patients with DKA will have severe dehydration, which could contribute to these massive elevations in transaminases on top of the GH causing enzyme elevation. In a case-control study by Mukewar et al\[[@B46]\] analyzing 36 patients with T1DM, more than half of patients with GH had recurrent episodes of DKA, and these patients had higher levels of HbA1c than patients with TIDM without GH. Patients with GH could have elevated levels of plasma lactate, with or without the presence of a DKA episode, although the mechanism is still poorly understood\[[@B35],[@B45]\]. In a retrospective review by Fitzpatrick of 31 patients with Mauriac syndrome, almost half the patients had elevated lactic acid level despite no signs of DKA\[[@B45]\]. One of the proposed theories is that a reduction in gluconeogenesis in the liver may raise lactate levels in the body. Therefore, lactic acidosis could be secondary to reduced gluconeogenesis and a lack of conversion of pyruvate to glucose\[[@B35]\].

The elevation in amylase and lipase levels less than three times the upper limit of normal without the evidence of acute pancreatitis on imaging has been seen in some patients with GH\[[@B34]\]. Elevation in these enzymes even in the presence of abdominal pain should not be considered diagnostic of acute pancreatitis, since high levels of amylase and lipase can be seen in patients with DKA without evidence of pancreatitis on CT scan\[[@B34]\]. Hence in patients with GH, elevations of amylase and lipase less than three times the upper limit of normal may be nonspecific yet present. Additionally, antinuclear antibody was positive in some cases, showing a mostly homogeneous speckled pattern. These may be nonspecific as well, as there were no reports of any associated systemic disease\[[@B18],[@B26],[@B38],[@B41],[@B48]\].

DIAGNOSIS
=========

Laboratory evaluation
---------------------

No single serologic test can diagnose GH. Most patients with GH will have elevated transaminases. It is challenging to diagnose GH solely based on clinical features alone, and liver biopsy is crucial for definitive diagnosis. Typically, the increase in liver enzymes is transient and normalizes in a short period ranging from few days to few weeks\[[@B38]\]. Several laboratory tests may be done initially to rule out other causes of hepatomegaly and chronic hepatitis. Because there is an association between T1DM and autoimmune hepatitis, testing for autoimmune antibodies, such as ANA, anti-smooth muscle antibody and antimitochondrial antibody is essential. The signs and symptoms of Wilson disease often begin during the teenage years and should be ruled out. Glycogen storage diseases (GSDs) are caused by congenital deficiencies in various enzymes and clinically present in the neonatal period or infancy. These patients may already start to present with hypoglycemia and hepatomegaly during infancy\[[@B60]\]. As expressed by Umpaichitra, glucagon stimulation test in children can be tried to rule out GSD\[[@B48]\]. As an up-regulator of glycogenolysis and a down-regulator of glycogenesis, glucagon would facilitate the breakdown of glycogen to allow the release of glucose into the bloodstream. Patients who can demonstrate an increase in serum glucose levels after stimulation by glucagon efficiently rule out a glycogen storage disease\[[@B48]\]. However, the best modality to accurately diagnose a GSD is next-generation genetic sequencing.

Imaging studies
---------------

Different imaging studies can be used to support or refute the diagnosis of GH. One of the principal differential diagnoses is NAFLD. In patients with GH, abdominal ultrasound would show hepatomegaly with uniform echogenicity, indicative of glycogen storage, like the fatty change seen in NAFLD. Ultrasound of abdomen is not a useful modality to differentiate NAFLD from GH, as the mildly bright liver can be observed in both. A bright liver compared to the spleen in CT scan imaging can be the clue to diagnosing GH. The liver density on CT scan of the abdomen in patients with GH is increased (hyper dense), compared to a patient with NAFLD in whom it is decreased (hypodense); this subtle difference can give a clue to GH, as reported by Sweetser\[[@B11]\].

Neither CT abdomen nor liver US is a useful test for the definitive diagnosis of GH; however, gradient dual-echo MRI sequence was reported to be able to distinguish fat deposition from an edematous condition such as acute tissue injury; both of which appears as low-density areas on CT. MRI imaging in GH shows low intensities on T2 weighted images. Gradient dual-echo MRI is a powerful tool to distinguish GH from NAFLD. T1 weighted gradient-dual-echo MRI images with in-phase and opposed-phase conditions could efficiently differentiate hepatic glycogen from the fat seen in NAFLD\[[@B11],[@B22]\]. If there is no significant difference in the signal intensities between the two phases then the results are not consistent with intrahepatic fat storage (NAFLD) and are more consistent with GH\[[@B19],[@B22]\] (Figure [2](#F2){ref-type="fig"}). A few recent reports have shown the presence of varying degrees of fibrosis in patients with GH\[[@B45],[@B46]\]. Presence or absence of liver fibrosis in GH patients can be measured using noninvasive tests such as Fibroscan. Magnetic resonance elastography may have a role in evaluating the degree of fibrosis with GH and needs further studies. Several authors have also demonstrated elevated hepatic glycogen concentration in subjects with glycogen storage disease using 13C MRS (Magnetic Resonance Spectroscopy), which has the advantage of assessing the entire liver while avoiding the risks of liver biopsy\[[@B61]\]. However, these tests may not yet be readily available in most centers.

![Computed tomography (CT) and magnetic resonance imaging (MRI) of (A, C, E, G, I) glycogenic hepatopathy (GH) in a 13-year-old girl and (B, D, F, H, J) non-alcoholic fatty liver disease (NAFLD) in a 13-year-old boy. On CT, GH was (A) high density, but NAFLD was typically (B) low density; On T2-weighted imaging (T2WI), both enlarged livers were (C) 19.1 cm and (D) 16.8 cm along the right midclavicular line; On gradient dual-echo MRI, the GH liver was iso-intense between the (E) in-phase and (G) out-of-phase images, namely; I: Low intensity on subtraction. The NAFLD liver, however, had low intensity on the (F) in-phase image, and high intensity on the (H) out-of-phase image, namely; J: High intensity on subtraction. With permission from Saikusa et al\[[@B22]\], John Wiley and Sons publications.](WJH-10-172-g002){#F2}

Liver biopsy and Histological features
--------------------------------------

A liver biopsy typically shows swollen hepatocytes with an accumulation of glycogen in the cytoplasm. Associated steatosis may be mild to absent in most cases. Although some authors recommended the therapeutic trial of intensive insulin therapy for four weeks preceding any invasive investigations, liver biopsy is the gold standard for diagnosing GH. A hematoxylin and eosin (HE) stain of the biopsy specimen in a patient with GH would show pale and enlarged hepatocytes with prominent plasma membranes, increased cytoplasmic volume, and numerous glycogenated nuclei, which are empty nuclei with ring-like chromatin elements (Figures [3](#F3){ref-type="fig"} and [4](#F4){ref-type="fig"}). Sinusoidal compression by the swollen hepatocytes can produce a paved appearance to the liver parenchyma. The architectural structure of the liver parenchyma likewise remains intact. Furthermore, an addition of diastase to the Periodic-Acid Schiff (PAS) stained specimen would cause enzymatic breakdown of glycogen in the hepatocytes, causing these hepatocytes to turn into "ghost cells"\[[@B41]\] (Figure [4](#F4){ref-type="fig"}). Histological examination of hepatocytes from patients with GH normally does not exhibit significant portal inflammation, steatosis, or significant fibrosis. In fact, only a minority of cases reported had fibrosis, which was minimal except two cases reported by Fitzpatrick and colleague showed bridging fibrosis\[[@B44]-[@B46]\]. In a review of cases of GH by Torbenson et al\[[@B44]\], mild steatosis was noted in 14% of cases, mild steatohepatitis in 7% of cases, and mild fibrosis in 14% of cases with GH. Histopathology of a case reported by Shah et al\[[@B41]\]. also showed GH with focal portal tract fibrosis. Future studies warranted to further assess for development of fibrosis in GH as it can progress to cirrhosis.

![Percutaneous liver biopsy section of a patient with glycogenic hepatopathy. HE stain showing enlarged hepatocytes with cytoplasmic pallor with reddish pink globules consistent with glycogen accumulation (blue arrow), and prominent glycogenated nuclei (green arrow).](WJH-10-172-g003){#F3}

![D-Periodic-Acid Schiff stain remove glycogen leaving empty looking cytoplasm (blue arrow) and nuclei (green arrow).](WJH-10-172-g004){#F4}

DIFFERENTIAL DIAGNOSIS
======================

For patients with DM who present with hepatomegaly and elevated transaminase levels, there are several differential diagnoses apart from glycogenic hepatopathy, including NAFLD. Among T2DM patients, hepatic enlargement with elevated transaminases is usually the result of NAFLD, while GH is the most likely pathology in patients with T1DM\[[@B25]\]. Other potential causes of liver damage in people with diabetes include celiac disease and autoimmune hepatitis. Hepatitis A, Hepatitis B, Hepatitis C, hemochromatosis, and Wilson's disease should all be considered in the list of differential diagnoses, depending on extent and pattern of liver abnormality on presentation (Table [5](#T5){ref-type="table"}).

###### 

Summery of the main differential diagnosis for glycogenic hepatopathy

                                                                         **Main etiology**                                                                                                                                                                         **Clinical presentation**                                                                                                                                                                           **Imaging characteristics**                                                                                                                                                                                                                    **Key, liver biopsy pathological features**                                                                                                                                               **Diagnosis**                                                                                  **Management**                                                                                                                                                                        **Cirrhosis**
  ---------------------------------------------------------------------- ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- --------------------------------------------------------------------------------------------
  GH                                                                     Acquired excessive glycogen deposition in the liver mostly seen in patients with T1DM                                                                                                     Hyperglycemia with hyperglycemic symptoms; could be asymptomatic. Liver enzyme elevation is mild to extreme range in some case                                                                      US and CT shows increased echogenicity. Dual-Echo MRI; iso-intense between the in-phase and out-of-phase images, and low intensity on subtraction                                                                                              Glycogen deposition in the cytoplasm with swollen hepatocytes, with or without mild steatosis and fibrosis. Diastase digestion of glycogen cause hepatocytes to turn into "ghost cells"   Radiologic and liver biopsy                                                                    Optimal control of DM                                                                                                                                                                 May have mild fibrosis, severe fibrosis is very rare and seen in only a few reported cases
  GSD                                                                    Inborn errors of glucose and glycogen metabolism results in abnormal deposition of glycogen                                                                                               Presentation varies depend on types of GSDs They will have manifestations of a liver, kidney, and skeletal muscle involvement with hypoglycemia, hepatomegaly, muscle cramps, and weakness, *etc*   Like GH                                                                                                                                                                                                                                        Findings vary in different type of GSDs; Nonspecific histologic findings to PAS positive glycogen deposition which could be diastase sensitive or resistant                               Biochemical tests and molecular testing                                                        Symptomatic treatment to dietary changes to maintain the blood glucose level and pharmacologic therapy in different types of GSDs. May need liver transplantation in selected cases   Some GSD can progress to cirrhosis
  NAFLD                                                                  Hepatic steatosis                                                                                                                                                                         Most patients asymptomatic and some may have minor symptoms, Liver enzymes elevation usually \< 5 times upper limit of normal                                                                       US and CT shows increased echogenicity. Dual-Echo MRI; low intensity on the in-phase image, and high intensity on the out-of-phase image and high intensity on subtraction.                                                                    Steatosis with or without lobular inflammation and hepatocyte ballooning. May have varying degrees of fibrosis                                                                            Radiologic and liver biopsy                                                                    Lifestyle modification and pharmacologic therapies. May need liver transplant in advanced cirrhosis                                                                                   Can progress to cirrhosis
  Hepatosclerosis                                                        Is a hepatic manifestation of microangiopathic disease seen in long -standing DM                                                                                                          Often clinically silent, Serum aminotransferases are normal or minimally elevated. ALP, Total bilirubin may be elevated                                                                             No specific imaging characteristics                                                                                                                                                                                                            Extensive dense perisinusoidal fibrosis                                                                                                                                                   Liver biopsy                                                                                   Unknown                                                                                                                                                                               Unknown
  AIH                                                                    Chronic Hepatitis of unknown etiology                                                                                                                                                     Spectrum of clinical manifestations ranges from asymptomatic patients to those with considerable symptoms, and rarely presents with acute liver failure                                             No characteristic imaging features, may show cirrhotic liver in advance case                                                                                                                                                                   Interface hepatitis and portal lymphoplasmacytic infiltrate with varying degree of fibrosis                                                                                               Characteristic biochemical tests and liver biopsy                                              Glucocorticoid monotherapy or in combination with immunomodulators. Rarely may require liver transplantation                                                                          Can progress to cirrhosis
  Hemochromatosis                                                        Autosomal recessive disorder. Mutations cause increased iron absorption and excessive deposition in the liver, heart, pancreas, and pituitary                                             Asymptomatic or chronic liver disease with elevated transaminases, skin pigmentation, DM, arthropathy, impotence and cardiac enlargement, *etc*                                                     MRI is most sensitive and can estimate iron concentration in the liver. Dual-Echo MRI; demonstrates decreased signal intensity in the affected tissues on the in-phase images compared with the out of- phase images (opposite of steatosis)   A liver biopsy will reveal iron overload. Presence of cirrhosis can be determined                                                                                                         Biochemical tests including genetic testing, radiologic, and liver biopsy                      Phlebotomy or Chelation therapy if unable to tolerate phlebotomy                                                                                                                      Can progress to cirrhosis
  Wilson disease                                                         Autosomal recessive disorder with impaired cellular copper transport and impaired biliary copper excretion results in accumulation of copper most notably the liver, brain, and cornea.   Predominantly hepatic, neurologic, and psychiatric manifestations. Elevated transaminases mild to moderate and ALP may be markedly subnormal                                                        US, CT, may show signs of cirrhosis and normal caudate lobe which is contrary to other types cirrhosis                                                                                                                                         Vary largely from fatty changes to cirrhosis and occasionally fulminant hepatic necrosis. Can be stained for copper                                                                       Biochemical tests and slit lamp examination with or without genetic testing and liver biopsy   Treatment with a chelating agent. Some cases may require liver transplantation                                                                                                        Can progress to cirrhosis
  Acute viral hepatitis A, B, C, D and E. Rarely, HSV, VZ, EBV and CMV   Hepatitis A and E are transmitted by feco- oral route; Rest of the viruses spread either by sexual contact, contact with body fluids or blood or from birth from an infected mother       Many of the symptoms are nonspecific; May have marked elevation in transaminases often \> 15 times the normal                                                                                       US or CT findings are nonspecific; Could be used to rule out other causes                                                                                                                                                                      Liver biopsy shows hepatocyte necrosis with a portal, periportal and lobular lymphocytic infiltration; Plasma cells present during resolving phase                                        Diagnosis by biochemical tests                                                                 Treatment conservative or antiviral therapy                                                                                                                                           Acute infection may progress to chronic, and that may progress to cirrhosis

PAS: Periodic-acid Schiff; T1DM: Type 1 diabetes mellitus; US: Ultrasound; CT: Computed tomography; GH: Glycogenic hepatopathy; GSD: Glycogen storage disease; NAFLD: Non-alcoholic fatty liver disease; AIH: Auto immune hepatitis; DM: Diabetes mellitus; ALP: Alkaline phosphatase; HSV: Herpes simplex virus; VZ: Varicella zoster virus; CMV; Cytomegalovirus.

NAFLD
=====

The most common etiology for elevated live enzymes in general population including patients with DM is NAFLD. NAFLD is more typically found in obese adults with T2DM secondary to insulin resistance, while GH is more common in patients with lower body mass index and pediatric patients. Upon assessment of laboratory studies from a patient with NAFLD, steatohepatitis would show mild elevations in AST, ALT, and ALP, just like in most cases of GH. CT scan imaging of a patient with NAFLD would show hepatomegaly with decreased liver density, while the gradient-dual-echo MRI would show low intensity in phase and high intensity out of phase\[[@B22]\]. Histological examination of a liver biopsy specimen from a patient with NAFLD could likewise show macro vesicular steatosis, mild lobular and portal inflammation, and varying degrees of fibrosis. Evidence of hepatocellular injury and fibrosis would indicate increased severity and progression to actual steatohepatitis. NAFLD is likewise more likely to progress to fibrosis, cirrhosis and or hepatocellular carcinoma. Because of the potential for progressive liver disease and liver failure in NAFLD, it is crucial to distinguish NAFLD from GH, generally considered a more benign and reversible condition.

Hepatosclerosis
---------------

Hepatosclerosis is an underrecognized form of hepatic diabetic microangiopathy that needs to be differentiated from GH. It occurs in patients with T1DM more often than in T2DM and is associated with severe microvascular disease in other organs. Hepatosclerosis is characterized by an indolent course and is seen predominantly in female diabetic patients, although actual prevalence of this remains unknown. Generally, ALP is elevated with or without an elevation in total bilirubin, and serum aminotransferase levels may be normal or minimally elevated\[[@B62]\]. Liver biopsy may show extensive, dense, perisinusoidal fibrosis, and immunostaining reveals basement membrane components in a perisinusoidally distribution\[[@B62]\]. It is unclear whether hepatosclerosis plays any role in pathogenesis of NAFLD or cirrhosis in patients with DM. Long-term follow-up and future studies are required to examine the natural history and to explore treatment options for this form of microvascular complication involving the liver.

GSD
---

GSD is a group of inherited disorders in which excess glycogen accumulates in different tissues including liver, skeletal muscles, or both due to the deficiency of enzymes that regulate glycogenolysis or gluconeogenesis. Glycogen accumulation is not only caused by mutations in enzymes directly involved with glycogen catabolism or glucose metabolism, but it can also be caused by mutations in proteins that have an indirect impact on glycogen metabolism. It is vital to differentiate GH and GSDs with genetic testing, as management would vary vastly between the two pathologies. The hepatocytes in both conditions are markedly swollen and filled with glycogen, while the subtle difference can be the presence of higher cytoplasmic clumping of glycogen in GSD\[[@B44]\]. A clinical parameter such as the response to diabetic control in patients with poorly controlled DM is an important component to distinguish GH from GSD\[[@B44]\]. Management for GSDs revolves around management of complex carbohydrate intake and surveillance for complications, whereas management for GH centers on proper glycemic control with insulin and prevention of hyperglycemic episodes.

Drug induced liver injury and GH
--------------------------------

Should a diabetic patient be on additional medications and the course of management be complicated by continued elevations in transaminases despite fluid resuscitation and treatment with insulin, it would be wise to drug induced liver injury (DILI) along with associated GH. Maharaj et al\[[@B39]\] published the case of a patient who initially presented with DKA, hepatomegaly, and elevated transaminases but was later diagnosed with GH accompanied by DILI. He had a past medical history of T1DM and bipolar disorder that was being treated with the antipsychotic drugs paliperidone and asenapine. The author recommended DILI as a possibility whenever GH is suspected with concomitant use of hepatotoxic medications.

MANAGEMENT, PROGNOSIS AND FOLLOW UP
===================================

Once the diagnosis is made, improved glycemic control is the mainstay of management. Although there has not yet been any research in support of any pharmacological treatment strictly targeting or preventing glycogen deposits in the liver, it is regarded that resolution of the hyperglycemia would cause a decrease in transaminases level back to normal. GH can resolve with both clinical and biochemical resolution as quickly as it develops within days to weeks with good glycemic control\[[@B40]\]. Due to the autoimmune destruction of beta-islet cells in the pancreas, type 1 diabetics are unable to secrete endogenous insulin inherently. As such, exogenous insulin therapy is necessary to maintain their serum glucose levels. The mainstay of treatment for GH is strict control of glucose levels, close supervision of Hemoglobin A1C and prevention of recurrence of episodes of DKA. Prognosis with improved glycemic control is excellent. Reversal of GH has also been reported following pancreatic transplantation in people with diabetes, further consolidating the fact that it is entirely reversible by treating the diabetes\[[@B18]\].

Pathology results of majority of the cases reported in the literature did not show any significant fibrosis of the liver; however, further long-term studies are required to assess for the consequence of the mild fibrosis identified in some reports, and few cases of bridging fibrosis as severe fibrosis may further progress to cirrhosis. Despite showing a benign clinical course with strict glycemic control, GH could recur and relapse with uncontrolled glycemic levels\[[@B38]\]. Therefore, patients with a history of GH may still need to be followed up for any relapse of symptoms if persistent control of hyperglycemia is not maintained.

CONCLUSION
==========

In conclusion, GH should be one of the differential diagnoses upon examination of a patient with uncontrolled DM presenting with elevated transaminases and hepatomegaly. GH should not be overlooked as a differential diagnosis solely due to its underrepresentation in diabetic patients. Compared to other liver diseases associated with DM, GH is a favorable diagnosis due to its benign nature and good prognosis.

Future progress is required in understanding the biochemical defects underlying GH and development of fibrosis. Further research is needed for an ideal noninvasive, rapid diagnostic test to avoid the extensive workup and associated costs in evaluating suspected cases of GH. For now, a more aggressive pursuit of liver biopsy in the evaluation of elevated transaminases could identify additional cases of GH, allowing for continued elucidation of prevalence and natural history of this entity. Clinicians should also continue to pool patient data from case studies of patients with GH, to better understand the underlying risk factors and characteristics of this disease.

ACKNOWLEDGEMENTS
================

The authors acknowledge John Wiley and Sons publications for providing the images.

Conflict-of-interest statement: No potential conflicts of interest or financial support related to this paper.

Manuscript source: Unsolicited manuscript

Peer-review started: November 12, 2017

First decision: December 4, 2017

Article in press: January 24, 2018

Specialty type: Gastroenterology and hepatology

Country of origin: United States

Peer-review report classification

Grade A (Excellent): A, A

Grade B (Very good): B, B, B

Grade C (Good): C

Grade D (Fair): D

Grade E (Poor): 0

P- Reviewer: Dinc M, Duan ZJ, Hudacko R, Katuchova J, Liu DY, Saisho Y, Savopoulos CG S- Editor: Cui LJ L- Editor: A E- Editor: Li D

[^1]: Author contributions: All authors have equally contributed to this paper with conception and design of the study, literature review, drafting, editing and final approval of the manuscript.

    Correspondence to: Smruti R Mohanty, MD, MS, FACP, Chief, Department of Gastroenterology and Hepatology, NYP-Brooklyn Methodist Hospital, 5841 S. Maryland Avenue, 506, 6^th^ Street, Brooklyn, NY 11215, United States. <srm9006@nyp.org>

    Telephone: +1-718-7803851 Fax: +1-718-7803478
